Cross-fertilization between medicine and veterinary medicine probably existed, in some form or other, in all the major early cultures; but religious considerations precluded both experimental use of animals and post-mortem examinations. A deliberate comparative approach first to biology in general and subsequently to medicine and veterinary medicine became established in Greece from the time of Aristotle; but in the field of infectious diseases; progress along this path was very slow for the better part of 2000 years. Certain elementary premises were restated periodically, diseases were described, together with their often bizarre and sometimes grotesque treatments, and fundamental ideas were introduced occasionally, such as Varro's statement that animal diseases are spread in swampy areas by invisible airborne particles. Because of the sacking of the great library at Alexandria on more than one occasion (finally in AD 391), only sparse records survive of the writings of this period; where they do survive, the ideas presented are not usually the sole responsibility of the author, but rather a general expression of contemporary concepts. Varro (116-27 Be), Celsus (1st century AD), Vegetius (5th century AD) and many others were compilers of facts, natural philosophers, encyclopaedists; they were almost certainly not solely responsible for the thoughts they recorded.
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(By courtesy of the Wellcome Trustees) perhaps did not greatly elaborate on the theme. but they did at least rescue contagious disease concepts, as applied to both animals and man, in treatises published in Arabic during the tenth and eleventh centuries until, during the thirteenth century, scholarship re-emerged in Europe and a number of forward-looking manuscripts were produced by men some of whom had what passed for medical and veterinary qualifications, and some who did not.
Perhaps the best known and most representative document of contemporary thinking on veterinary matters was written by Albertus Magnus, the great Dominican teacher and thinker.
Albertus wrote comprehensively on animals, their anatomy, physiology and diseases, in De animalibus. first printed at Rome in 1478, more than 200 years after the manuscript first saw the light of day. Much of it is unashamedly copied from Aristotle; but Albertus's thoughts on the transmission of infectious disease in animals are startlingly valid and original for their time. He regarded the spread of contagion as being due to inoculation by bites or injuries; or actual contact with diseased animals, or the occupation of places previously used by them; or, and this last he personally considered the most important of the three, the respired air from the sick. This was indeed clear thinking on which to base further advances; and yet another 300 years were to elapse before the ideas of Albertus were further developed.
The incipient renaissance of science and medicine in the thirteenth century, so ably represented by Albertus, suffered a relapse soon afterwards. A series of natural catastrophes in the form of volcanic eruptions, crop failures, cattle plagues and consequent famines, and devastating floods in several European countries, was compounded by the advent of the Black Death. And although in retrospect the Black Death was turned to some advantage through the creation of a number of public health measures including the introduction of quarantine regulations, little was added to the theoretical knowledge of infection until the sixteenth century. By then the art of printing had been invented. Manuscripts of previous centuries were being printed, as well as new works; and throughout Europe science and medicine began to develop in ways to match the renaissance in art and architecture which had been steadily growing in stature in Italy since its beginnings during the latter half of the fourteenth century. was published in Venice. Fracastoro was a contemporary of Vesalius, and De contagione appeared just three years after the first printing of'Vesalius's anatomy; but whereas Vesalius's work was the sublimation of a number of attempts to come to terms with the anatomy of animals and man, Fracastoro's was an entirely new departure. It was the first work to be devoted exclusively to the problems of contagious disease; it was also a first attempt to consider infections of animals and man alike and even, in at least one instance, drawing on plant disease for comparative purposes. Some of Fracastoro's writing was inspired by extensive outbreaks of cattle diseases in Italy during the first half of the sixteenth century. The diseases concerned have been described variously as foot-and-mouth disease and rinderpest, two afflictions which continued to give rise to a certain amount of confusion in subsequent centuries. In view of the incomplete descriptions such confusion was inevitable since for much of the time both entities were present simultaneously, as was bovine pleuropneumonia, which was certainly described in 1550 by another Italian, Agostino Gallo (1499-1570), who also gave directions for the isolation of affected animals.
In 1546, De contagione et contagiosis morbis et eorum curatione by Girolamo Fracastoro
Although the perceptive ways in which men like Albertus and Fracastoro wrestled with problems of infectious disease command our admiration, it is necessary to add that they were, nevertheless, very much children of their time in their attitudes to astrology and supernatural influences. Albertus wrote earnestly of the ill-effects of moonlight on wounds; and even Fracastoro made careful observations of favourable and unfavourable constellations of the planets.
Such considerations continued to be made for many years, and the seventeenth century has been called, by the veterinary historian Sir Frederick Smith, 'a long period of the blackest ignorance of animal diseases and injuries'. But during that same century, in 1664, there appeared in France a volume written by a self-taught horseman and veterinarian, sometime Master of the Horse to the French Ambassador negotiating the Peace of Westphalia, and ultimately instructor at the Paris Academy where members of the French nobility were trained in the art of horsemanship. He was Jacques Labessie de Solleysel (1617-1680) ( Figure 2 ), and although dealing only with diseases of the horse, he was in some respects a worthy successor to Albertus and Fracastoro. He still retained a certain amount of superstition, and took careful note of the phases of the moon before attempting any task or cure; but some of his descriptions of diseases were beyond reproach. In particular, his account of glanders in the horse was surprisingly clear and timeless, as were his directions for preventive measures. He wrote (in the colourful English translation by Sir William Hope): 'This is the most contagious distemper to which horses are obnoxious, for not only it communicates its venom at a small distance, but it infects the very air, and seizes on all horses that are under the same roof with him that languishes under it. And therefore as soon as you perceive the least sign of the glanders, you must separate the sick horse from all his companions, and not suffer him to drink out of the same pail with 'em.'
Solleysel wrote shortly after the death of Mazarin (1661) had left Louis XV free at last to shape the lifestyle of himself and his nation to his own flamboyant taste. At the same time, in England, the Stuart restoration in the person of Charles II did much to encourage the arts and sciences, and the Royal Society came into its own, and began publication of its Philosophical Transactions. In the absence of a true veterinary profession and veterinary schools, the observations on animal disease which found their way into the annals of the Royal Society in the early years were few and casual, but they did occur. One is of particular interest in the present context. Just before Christmas in 1682 one of the Fellows, Frederick Slare, of a Palatinate family, received a letter from a Dr Wincler, chief physician to the Prince Palatine. It contained a report of a 'murren' (sic) among cattle in Switzerland, together with a supposed (and rather gruesome) cure. To this report were appended the comments of Dr Slare, who by then had received an additional report of an outbreak of what mayor may not have been the same disease (there are indications that the first may have been anthrax, the second rinderpest -both were about at the time). But it is Slare's concluding comments which are of particular interest. For having been told of the second outbreak that' ... cattle secured at rack and manger were equally infected with those in the field', he added 'It were worth the considering whether this infection is no carryed on by some volatile insect, that is able to make only such short flights as may amount to such computations ... I wish Mr. Leewenhoeck had been present at some of the dissections of these infected animals, I am perswaded he could have discovered some strange insect or other in them'. Slare's comments serve well to illustrate the impact of Leeuwenhoek's early communications to the Royal Society.
Thus in the latter half of the seventeenth century there were indications of a change in attitude to the problems connected with outbreaks of infectious disease among domesticated animals. The century of Enlightenment which followed was to bring both advances and reversals in this area. Rather surprisingly, and unfortunately, Solleysel's wise words on glanders were soon forgotten both in his native France and elsewhere, to be rediscovered only in the nineteenth century. Progress came in particular through attempts to stem the tide of devastating cattle epizootics, prominent among them rinderpest; but it was neither sudden nor dramatic. After all, even the study of infectious disease in man was only slowly emerging from its superstitious and ill-informed past at the beginning of the eighteenth 'century; and veterinary medicine, apart from the odd shining example of the self-taught Solleysel, was still non-existent as a recognized discipline. Horses were in the care of the farrier, while cattle and sheep, when necessary, were attended by the 'cow-leech', or 'cattle doctor'. According to Sir Frederick Smith there was 'little to choose between these men; both were noted for their astonishing ignorance and audacity, apparent even to laymen'.
Apart from the general trend towards enlightenment, attempts to obtain the benefits of organized veterinary science and medicine in the eighteenth century were set in motion by sheer necessity. The dictum 'Pestilence has ever been the opportunity of medicine' could well be adopted for both medicine and its veterinary counterpart at this time. In medicine, the fight against smallpox brought inoculation and, ultimately, vaccination; while in the field of veterinary medicine, devastating outbreaks of rinderpest engaged the minds of ingenious men who might otherwise have turned their talents in other directions. It should be emphasized that, for most of the century, the best and most inspired writings on cattle plagues came from physicians interested in patterns of infectious disease, since there were as yet no veterinary schools; and these dedicated men wrote on animal disease with brave disregard for the social and professional consequences of being seen to interest themselves in a subject hitherto thought fit only for the despised cow leeches. Perhaps not complete disregard; in most cases they showed some measure of apprehension lest their activities in this field should damage their reputations. Surgeons on the other hand had less to lose at this time. The Commonalty of Barbers and Surgeons was not dissolved until the middle of the eighteenth century, and physicians were in no hurry to change their opinion of surgeons whom they still preferred to regard as tradesmen rather than members of a profession, let alone their own. On the other hand, there may have been a certain financial incentive. During the devastating outbreaks of rinderpest which ravaged England and the European continent between 1710, when it made its first appearance in Hungary, and 1780, when the outbreaks and consequent interest in them abated, it seems to have become both fashionable and increasingly profitable to offer advice on the treatment of diseased cattle and the means of preventing further spread of the affliction.
From its mid-European vantage point rinderpest had spread to northern Italy by 1711; before long, it had reached Rome. Its appearance there happened to coincide with the reign of the remarkably enlightened Pope Clement XI, who fortunately did not restrict his practices to prayers and did not waste time inveighing against divine visitations due to human wrongs. Instead, his personal physician, Giovanni Lancisi (1654-1720), was encouraged to study the disease and to suggest means of preventing further spread. Lancisi was more than equal to his task. He had been slightly anticipated by Bernardino Ramazzini (1633-1714) who had studied the initial Italian outbreak in the Venetian territories. Between them, these two Italian physicians in their works on cattle plague ushered in modem attitudes to a comparative approach, even if their advanced ideas were to be intermittently ignored for a protracted period and only revived properly in the nineteenth century.
By modern standards Lancisi's treatise is the sounder of the two, untrammelled by the piously superstitious afterthoughts that mar Ramazzini's last chapter. While Ramazzini drew the epidemiologically obvious comparison with smallpox, and in addition to fumigation of stables also recommended such time-honoured remedies as bleeding, rowelling, alexipharmics and cordials, Lancisi's suggestions must still strike the reader as remarkably rational and straightforward. He recommended quarantine and isolation of affected animals, and warned against transmission of what he regarded as the 'fine and pernicious particles' of a 'virulent poison' not only by the affected animals themselves, but also by carriers of other species among animals, birds, and indeed the shepherds caring for them. Lancisi had no faith in any of the countless 'cures' being promoted in print or by word-of-mouth; he emphasized that the only hope of containing the outbreak lay in measures of isolation, quarantine, and slaughter of diseased animals. At the time, and in Rome, his advice was heeded, and the Roman outbreak was soon over. But it was not to last. His wisdom was soon forgotten or ignored, and other men in other countries had continually to relearn the lessons once offered by Lancisi, to their cost.
In 1714 the outbreak reached England via the Dutch ports, and if Rome had benefited from the advice of the Papal physician in England the surgeon to the Court of George I ran him a very close second. Like Lancisi, Thomas Bates (fl. 1704-1719) observed that the infection spread not only from animal to animal, but was transmitted by those caring for them (Bates stated that more cows died from infection transmitted by cowhands than by other cattle). Also like Lancisi, Bates favoured the killing of infected cattle, and the burying of carcases at least 6 feet deep, with a covering of lime. To encourage acceptance of such measures, he recommended government compensation of 40 shillings per cow to be paid to owners who complied with the recommendation.
The wise suggestions made by Ramazzini and Lancisi in Italy, and by Thomas Bates in England, and the timely acceptance of their advice by the respective governments, brought a speedy end to the outbreaks, while in Holland and elsewhere on the continent poor organization and reliance on ineffective 'cures' maintained the infection. In 1745 it was reintroduced into England from Holland, and for a variety of reasons this outbreak proved much harder to control than the previous one. It may have been a more virulent strain of virus, and other factors may have caused reduced resistance and increased susceptibility in the cattle population of 1745. It also seems to have taken longer for responsible spokesmen to come forward with constructive proposals for containing the epidemic, possibly due in part to the political problems created by the war of the Austrian succession (1740) (1741) (1742) (1743) (1744) (1745) (1746) (1747) (1748) and the Jacobite uprising.
In any case, in England the cattle plague of 1745 became endemic for more than 10 years, and consequently gave rise to much correspondence in the two pioneer magazines, the Gentleman's Magazine and its rival the London Magazine. The greater part of this literature, while entertaining, had and has little practical value. On the other hand, also at this time, comparisons with smallpox gave rise to suggestions that inoculation of cattle prior to infection by natural routes might prove a useful measure, especially in view of intermittent reports that cattle having recovered from a previous attack of the plague proved immune to subsequent infection. One advocate of such a method was Daniel Peter Layard who presented his case to the Royal Society of London in 1758. On the continent such procedures were examined by Pieter Camper, perhaps better known for his anatomical drawings, but with a wide range of interests which included smallpox inoculation. Camper gave a special course of lectures on rinderpest, inspired by an outbreak at Groeningen in 1769, in which he also reported experiments with inoculation. But both Layard and Camper had understandable reservations about their results, and considered the outcome inconclusive.
In 1773 the great Albrecht von Haller also published a treatise on what he called the cattle plague in Switzerland. Haller, like Camper, was familiar with previous eighteenth century writings on the subject, and thoroughly endorsed what he referred to as 'Lancisi's wise counsels'. He also gave an excellent and detailed description of the disease, its pathology and post-mortem findings, all of which strongly suggest that he was in fact confronted with not rinderpest, but bovine pleuropneumonia.
Then, as the eighteenth century was drawing to its close, the comparative medicine of infectious disease suddenly acquired a reality it had not previously possessed. Within a short span of time, a number of infectious diseases were shown to be inter-species transmissible. First, of course, Jenner made his point with cowpox in 1798. Shortly afterwards there followed the rational transmission experiments with rabies by Zinke (possibly based on suggestions by John Hunter). Zinke transmitted rabies from dog to dog, and from dogs to cats, rabbits and fowl, in 1804. In 1821 Magendie, pioneer neurophysiologist, transmitted rabies to a dog by means of saliva from a human case, and in the same decade K H Hertwig in Berlin made several attempts, albeit unsuccessful ones, to transmit rabies by the implantation of nervous tissue from rabid animals into healthy ones. Hertwig perhaps more than anybody heralded a new era in comparative medicine; having qualified in medicine at Breslau, he subsequently travelled extensively to educate himself in veterinary medicine as well. After the completion of his studies abroad he became a professor at the veterinary college at Berlin, one of the new institutions which had become established all over Europe since the opening of the pioneer establishments in France, at Lyons in 1762, and at Alfort, on the outskirts of Paris, in 1766. This upsurge of interest in rabies experimentation could be seen as an indication both of an increasing awareness of the possible neurotropic character of the virus, and also of a new and positive attitude to animal experimentation in general which was to lead to the establishment of teaching positions and journals, and later in the century of whole institutes, devoted to comparative medicine and experimental pathology. An early protagonist of this new departure was Pierre-Francois-Olive Rayer (Figure 3) , who is frequently mentioned as the senior author of the first published reference, in 1850, to the rods of the anthrax bacillus -an observation later claimed, probably quite justly, for his own by the However, in the present context other contributions by Rayer are equally relevant. Rayer obtained his medical degree at Paris, qualifying in 1813, and made no attempt to add formal veterinary qualifications. But from his early years he believed firmly in a comparative approach to the study of pathology. In February 1837, chance presented him with an opportunity to study a zoonotic disease unrecognised as such in France since the time of Solleysel. In the wards of the Charite Hospital in Paris he saw and treated a groom who died after presenting symptoms resembling those associated with glanders in the equine species. The post-mortem findings also showed pathological alterations similar to those found in horses with the disease. When Rayer was informed that the groom had slept in a stable with a glandered mare, he drew the obvious conclusion, and proceeded to introduce pustular material from his deceased patient into the nostrils of a sound horse which developed typical glanders. Apart from the bonus of this demonstration of inter-species transmission, Rayer's results also firmly re-established the contagiousness of glanders which had been denied during the eighteenth century. Rayer also studied foot-and-mouth disease, tuberculosis and fowl pox, and in 1842 founded a journal devoted to comparative medicine. Six years later, in 1848, he became the first president of the new Societe de Biologie, and finally, in 1862, the holder of an established chair of comparative medicine.
While Rayer's treatises on glanders are justly admired for their clear presentation of the relationship between the disease in animals and man, he himself took pains to point out that his inspiration had been a paper by John Elliotson . In 1830, at St Thomas's Hospital, London, Elliotson had seen two patients die within a fortnight, in circumstances which baffled him, until in a contemporary journal he saw a reference to a 'fatal case of acute glanders'. Having satisfied himself that the two patients had in fact been in contact with glandered horses before falling ill, Elliotson contacted the London Veterinary College and found that there, more than ten years before, a student had injured a finger while dissecting the head of a horse which had died of glanders. An ulcer developed on the hand, and subsequently there were abscesses on the other extremities and the lower part of the back, Figure 4 . Jean-Baptiste-Auguste Chauveau (1827 Chauveau ( -1907 fever, and eventually death. The late student's brother, a veterinary surgeon, inoculated an ass with matter from the patient's arm, and the ass developed typical glanders and died. This and other cases were included in a book by Benjamin Travers, a surgeon colleague of Elliotson at St Thomas's, together with comments by Edward Coleman, then head of the Veterinary College. Travers and Coleman both denied that the patient had died of glanders, ascribing death to what Travers called 'constitutional irritation'. The Lancet (1830-31), in a favourable review of Elliotson's report in Medico-Chirurgical Transactions for 1830-31, commented: 'All these cases agree in every essential point; and it is not a little remarkable that ... Mr. Travers ... with a singular degree of blindness, or prejudice, regarded them as cases of mere irritation, and not of specific disease'.
Rayer and Elliotson died within a year of each other, in 1867 and in 1868, respectively, just as Jean-Baptiste-Auguste Chauveau (1827 Chauveau ( -1907 (Figure 4) published the result of a major study of the nature of what he called the active or virulent principles of infectious diseases. Chaveau was particularly concerned with vaccinia and variola, but in a comparative study of matter taken from the pustules of patients he included glanders. It was a natural choice for Chauveau who may be said to have been a representative product of the classic French veterinary schools. The son of a farrier, his background was such as was considered most desirable by those in charge of recruitment of students in the early days of the schools at Lyons and at Alfort. In their archives there is documentary evidence that 'well-born medical students' were not wanted but were viewed with suspicion as likely to indulge in frivolous living and debauchery rather than pursue their studies with due application and diligence. The sons offarriers, on the other hand, were considered more likely to apply themselves in a more suitably humble and serious manner. But Chauveau had very much more than the right background. In addition to a great deal of physical and intellectual energy, he possessed a questing and imaginative mind. Having qualified at Alfort, he immediately began teaching and researching at Lyons, combining interest in comparative anatomy and cardiovascular studies until, nearing the age of forty, he was propelled into the study of infectious diseases by chairing a committee established to investigate the relationship between cowpox and variola. The subject became a life-long interest of his, and research in this area earned him a medical degree at Paris in 1877. 
